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NATURAL GAS POTENTIAL ALONG
THE SALTVILLE AND PULASKI
THRUST SHEETS

Natural gas is currently being produced from five counties
in southwestern Virginia, primarily from formations of
Mississippian age. In addition oil is produced from two small
fields, the Rose Hill and Ben Hur fields, from Ordovician
formations in the fenster region of the Pine Mountain block.
The current rate of hydrocarbon production in Virginia is
about 8.5 billion cubic feet of natural gas and 8,000 barrels of
oil annually. Locations of fields and oil and gas tests in
Southwestern Virginia are shown in Figure 2-1; wells are
described in Table 1.

Mississippian strata occupy synclinal troughs along the
footwall of the Pulaski fault for approximately 90 miles (145
km) from Craig County to Smyth County, Virginia. Simi-
larly, the Greendale syncline comprises the footwall of the
Saltville fault, containing Mississippian-age strata along
most of its length for almost 200 miles (about 320 km) from
Bland County, Virginia to Grainger County, Tennessee.
Basal Mississippian and older strata were tested for natural
gas by the Kipps well in the Price Mountain window,
Montgomery County and by the Westinghouse well in
Washington County, and produced gas in the Early Grove
field in Scott County, Virginia (Figures 2-1, 2-2). In Tennes-
see, Devonian black shales were tested recently with some
success in Grainger County by the U.S. Department of
Energy and these beds, together with underlying Devonian
and Silurian sandstone reservoirs, are currently being
explored by industry.

Gruy Federal No. 1, Grainger County: Fractured Devo-
nian shale reservoirs were drilled and stimulated by the
U.S. Department of Energy (DOE), through its contractor

Gruy Federal, Inc., in Grainger County, Tennessee in early
1980 (Figure 2-2). The well, located in the Grainger County
Industrial Park, was spudded in Cambrian formations in the
hanging wall of the Saltville thrust; the well entered the
Grainger Formation (Mississippian) at 667 feet (203 m). The
Chattanooga Shale (Devonian-Mississippian) was encoun-
tered from 1136 feet (346 m) to 1856 feet (566 m), an apparent
thickness of 720 feet (219 m).

The Wildeat Valley Sandstone (Devonian) beneath the
Chattanooga Shale contained some light-gravity oil, which
was observed in fractures in core. The Chattanooga pro-
duced little gas initially, but upon stimulation of selected
zones yielded 50 Mef (thousand cubic feet) per day, together
with 50 bbl a day of slightly acidic water. The well was given
to Grainger County for operation upon completion of the
tests (Dean, 1980 and personal communiecation).

Early Grove Gas Field: The discovery of the Early Grove
gas field (1931) was based upon a report by Charles Butts
(1927), who identified an anticlinial structure within the
Greendale syncline and recognized its importance as a
potential hydrocarbon trap (Figure 2-3). The discovery well
was drilled on the highest part of the structure to a depth of
3613 feet (1101 m) and had an initial production of" 1,750 Mef
per day from caleareous sandstones within the Little Valley
Limestone (Mississippian) (Figure 2-3, map well No. 4,
Table 2). Ten wells were drilled prior to 1958; the gas, which
was produced until 1958, was delivered to the City of
Bristol. A 1980 development well in the field is reported to
have encountered significant amounts of natural gas and
additional tests are planned.

The deepest well in the field was Tidewater-Wolfs Head,
E. D. Smith No. 1. The well was drilled to 7220 feet (2200 m)
and bottomed in the Sequatchie Formation (Figure 2-4). Gas
was encountered in Mississippian limestones and the well
was completed as a shut-in gas well. Initial open flow of gas
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was measured as 60 Mcf per day. Following acid treatment,
gas flow increased to 223 Mcf per day before stabilizing at 84
Mcf per day after 20 hours. (Data are from files of Virginia
Division of Mineral Resources; Averitt, 1941; Le Van, 1959;
and Le Van, unpublished report).

Thermal maturities determined by conodont color
changes (CAI-Conodont color index) indicate that hydro-
carbons in the Valley and Ridge in eastern Tennessee and in
Southwestern Virginia are suitable for natural gas produc-
tion, but that they are too mature to yield commerecially
significant amounts of oil. (Harris and Milici, 1977, pl. 1).

Principal stratigraphic targets in the footwalls of the
Saltville and Pulaski thrust sheets are Mississippian
sandstones, Devonian black shales, Silurian sandstones and
Ordovician shales and limestones. Source rocks of
significance are the Ordovician shales and shaly limestones,
Devonian shales and possibly some shales and shaly lime-
stones and coal of Mississippian age.

In addition to regional geologic map patterns, Vibroseis
lines in eastern Tennessee performed for the Tennessee
Division of Geology under a contract to the U.S. Depart-
ment of Energy show that strata as young as Mississippian
may extend beneath the eastern end of the Saltville and
Pulaski thrust sheets (Figure 2-2) (Milici, Harris and Stat-
ler, 1979). These rocks are only moderately folded and
faulted. Cross Section A-A’ in Figure 2-2, based upon
interpretations of Vibroseis lines TC-1 and TC-2, shows
Devonian shales acting as the footwall lubricant for the
Pulaski and Saltville thrust sheets, although younger beds
may persist farther eastward beneath the thrust sheets than
is shown (Figure 2-5). In addition, the interpretation of the
TDG-DOE Vibroseis lines by Milici, Harris and Statler
(1979) as well as data presented subsequently by Harris and
Bayer (1980) show that Paleozoic sedimentary strata with
hydrocarbon potential extend beneath the Blue Ridge and

perhaps beneath the western part of the Piedmont.
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TABLE 1-—Significant wells drilled for oil and gas in the Valley and Ridge Province of
Southwestern Virginia (compiled by D. C. Le Van). Well numbers correspond to those

on Figure 2-1.

cross sections follow. Rocks: P—Pennsylvanian undivided;
M—DMississippian undivided; Mn—Newman Limestone;
Mg—Grainger Formation; MDe—Chattanooga Shale;
Du—Devonian undivided; S¢—Clinch Sandstone; SO—
Silurian and Ordovician undivided; O—Ordovician undi-
vided; Omb—Martinsburg Formation; Ols—Ordovician

Group; -€hk—Honaker Formation; €r—Rome Formation;
b—basement. Faults: HVF-—Hunter Valley fault; CF—
Clinchport fault; CCF—Copper Creek fault; SVF—Saltville
fault; PF—Pulaski fault; BRF—Blue Ridge fault. Sections
have no vertical exaggeration.
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FIGURE 2-5.  Areas potentially suitable for preservation of
Mississippian strata beneath the Saltville and Pulaski thrust
sheets in Southwestern Virginia and northeastern Tennes-
see.

TIDEWATER - WOLFS HEAD E. D. SMITH
SCOTT COUNTY, VIRGINIA
el 1456.3 GL, 1467.5 KB

PENNSYLVANIAN STRATA

MISSISSIPPIAN STRATA

1

PRE-MISSISSIPPIAN STRATA

7

MILES CRYSTALLINES

NO.1

Map Property Map Property
Well No. Operator and Well No. D (ft.) Remarks Well No. Operator and Well No. TD (ft.) Remarks
1 — Gearhart Farm 1000' = Dry hole, about 1929 24 Cll{arﬁnc‘;avli]llison Charles Phipps 1902’ in Silurian Dry hole, 1947
. . R. Wilson 0.1 Clinch W-107
2 The California Kipps Anthracite Coal 9340’ in Ordovician Dry hole, 1949 ( ) (Clinch)
Company Co. No. 1 (Moccasin) Gas shows in Ordovician 25 R. R. Murray Anthony Ely 2532 in Ordovician Gas and oil shows; flowed
(Martinsburg) 0.1 (Hardy Creek) gas from Ordovician
W-62 (Reedsville) at about
. . y . 100,000 cfgpd
3 The California F. P. Strader 1448’ in Knox Group  Dry hole, 1948 Abandoned, 1947
Company No. 1 W-136 W-61 ’
4&5 C. L. Hottle C. E. Richardson One well 1400'= other Dry holes (drilled 20 26 Lee Oil Drilling D. L. Graybeel 7209’ in Ordovician Tested 2 BOPD from
Nos. 1 and 2 unknown apart), date unknown Co. No. 1 Ordovician (Moccasin)
Shows of oil and gas Dry hole, 1977 I az1730" 8215 euzaor
6  Holly Brook Oil — 3300’ Dry hole, 1923 W-5227 y
& Gas Co. 27 Robert Vorhees Mill Davis 4406’ in Ordovician Oil shows in Ordovician
7 United Producing J. M. Hoge 5632’ in Cambrian (?) Dry hole, 1950 No.1 (Mascot) (Trenton)
Co., Inc. No. 1—1532 : Dry hole, 1947
i . = . . . - .
8 (I);C}?éTSI‘OSkmS and ﬁgdiew Newberry 1295"% %{31’5}1201‘3: 1950 28 H. & R. 0il Co. Grant Smith 2188’ in Ordovician 0il show in Ordovician
: No. 1 (Hardy Creek) (Trenton)
9 g{athieson Chemical J. L. Sanders 2985’ Dry hole, 1953 13‘;31;15016, 1948 e
orp. Heirs No. 1 - & % T e
10 Mathieson Chemical T. K. McKee - Dry hole, 1949 29 K.R. Wilson E. C. H. Rosenbaum 1456’ in Silurian Abandoned, 1947 Tt o
COI‘p. No. 1 W-3607 No. 1 (Chnton) W-153 Mc
11 Westinghouse Morton Salt Co. 5455’ in Devonian Dry hole, 1976 30 K. R. Wilson 0. Cavins 2001’ in Ordovician Dry hole, 1947
Electric Corp. No. 1 (Chemung) W-4625 No.1 (Chepultepec) -
12 Gulf 0il Corp. W. Russell Price 17,003 (basement test) Dry hole, 1977 31 Shell-Oil Co. L. 8. Bales 8020 in Cambrian Dry hole, 1965 ‘ E e
No. 1 Gas shows in Ordovician No. 1 (Copper Ridge) Gas shows in Ordovician Vo Z
W-5653 and Cambrian ) \\ p I \
Dead oil shows
13 golséon 0Oil and W. E. Leonard 2600" £ Dry hole, about 1910 W-12738 =
as Co. No. 1 . . .
) ) 32 Virginia Lee Qil E. M. Brooks 4079 in Ordovician Gauged 225,000 cfgpd gas, sevso —|
14 Holston Oil and Bailey Barker 2500° = Abandoned, gas burned Co. (Fitch et @l.)  No.1 (Eggleston) from Silurian (Hancock)
Gas Co. No. 1 rig, about 1915 gas show in Clinch, oil
15 Tidewater Oil Co. E.D. Smith 7218’ in Ordovician Gas well (shut in) in SAhk?;glsdgrlle(()lr%%Yllglan
Wolfs Head Oil No. 1 (Sequatchie) Mississippian (Little W-80 !
Refining Co. Valley) 1964 .
E}&s sh}(l);v in Silurian 33 Rouge 0il Co. Ilgenlley Sutton 4000 (OWDD) gas show
inc 0. ry hole, 1947, 1954 EARLY GROVE
W-951 W-118 s FIELD
. . ) ) ) o GA
16 Trans-State Qil Bruce Riggs 2140 Dry hole, 1970 34 Johnson, Head, &  Billy Parkey 2650’ Show of “oily gas” ¢
Ltd. No. 1 0il show in Silurian Gilmore No. 1 Abandoned, 1929 Mp
(Clinch) -
W-2488 Abbreviations: TD—total depth of well ) 3
17 Castle and Jenkins W. B. Osborne 4861’ in Ordovician Dry hole, 1950 ‘g{di}gg’ V;olrgmlla ]%W.llsmn (ilf Mineral Resources Well Sample Number ¥
No. 1 Gas show (personal ToaLTes ol oL per day
i N cfgpd—ecubic feet of gas per day .
communication) LS OWDD—old well drilled deeper g t
18,19,20 Appalachian Oil & A. R. Harris 759" (?) Abandoned, 1961-2 Le o é\g
Mineral Develop- No. 1 W-691 r>
ment Co,, Inc. t/
Appalachian Oil & A. R, Harris — Abandoned; (20 from N 5 " Lo
Mineral Develop- No. 2 No. 1) a2 —— FAULT MISSISSIPPIAN SYSTEM
ment Co., Inec. —h— SYNCUINAL axis PENNINGTON SHALE
—}— ANTICLINAL AXIS
Appalachian Oil & A. R. Harris 3912 Dry hole; (near No.1 & ) o OhF wEL me | cove umesToNE
Mineral Develop- No. 8 No_yz) ( ¢ \ i’a GAS WELL.SHOW covE crrne umet
ment Co,, Inc. W-987 \ 1o DRY HOLE FIDO SANDSTONE
21 Appalachian Oil & M. Robinette 1389 (?) Dry hole, 1962 \ e
. ? r o e’ 8y HWAY LIMESTONE OF
Mineral Develop- No. 1 .y40 \ R Sasren mes
U. S. HIGHWAY

ment Co., Inc.

22 C. E. Deaton M. H. Snodgrass

No. 1 (Copper Ridge)

23 (éedar Valley Oil D. C. McClure 3250-3400" (?7)
0. 0

No. 1

Bonny Bl

BEN

3130

ROSE HILL

T E N

1706’ in Cambrian

0il show in Ordovician
(Chepultepec)

Dry hole, 1947

W-116

Gas show, in Ordovician
(Trenton?)
Dry hole, 1915

FIGURE 2-3. Geologic map and well locations in Karly
Grove gas field (After Averitt, 1941).

TABLE 2—Well data from the Early Grove Area, Scott and Washington counties, Virginia (compiled
. by G. P. Wilkes). Well numbers correspond to those on Figure 2-3.

FIGURE 2-1.

Map Property Remarks
Well No. Operator and Well No. El (ft.) TD (ft.) (efgpd)
1 Bristol Natural Gas Co. H. A. Miller 1562 5862' Gas well )
No. 1 (8) (OWDD) (127,000 in Mississippian rock;
30,000 in Devonian rock)
2 Davis Elkins C.B. & J. H. 1507’ 3721’ Gas well (abandoned) in
(Bristol Natural Gas Co.) Hunsucker Mississippian rock (200,000)
No. 1 (3)
3 Davis Elkins E. 8. Ridgeway 1461’ 3613’ Gas well in Mississippian rock
(Bristol Natural Gas Co.) No. 1 (1,750,000)
4 Tidewater-Wolf’s Head E. D. Smith 1456’ 7218’ Shut in gas well
No. 1 (gas show in Mississippian rock)
5 Bristol Natural Gas Co. E. D. Smith 1459’ 3435’ Gas well in Mississippian rock
No. 5 (1,500,000)
6 Davis Elkins G. W. Fleenor 1511’ 3854’ Gas well in Mississippian rock
(Bristol Natural Gas Co.) No. 4 ('75,000)
~~ w;MC‘:\LME 1:500,000 ’ 7 Bristol Natural Gas Co. M. Sproles 1579° 4103’ Gas well in Mississippian rock
No. 6 (1,000,000)
o 20 MILES 8  Davis Elkins J. R. Smith 15617 5650 Abandoned
(Bristol Natural Gas Co.) Heirs No. 2 (Gas shows in Mississippian and
— ] Devonian rock)
(0] 20 KILOMETERS ,
9 Holston Oil & Gas Co. B. Barker — 2500’ = Dry hole
(rig burned)
; Q 10 Holston Oil & Gas Co. W. E. Leonard — 2600" = Dry hole
{ 11 Early Grove Gas Co. Ridgway 1540’ — Drilled 1980
Vg GAS FIELD OIL  FIELD No. 1
: &
‘ \ F 12 Early Grove Gas Co. %cMurry 1544’ — Drilled 1980
! ! o.1
‘ ,) 13 Early Grove Gas Co. Bondurant 1587 — Drilled 1980
| ) No. 1
14 Early Grove Gas Co. Dorton 1499’ — Drilled 1980
No. 1
15 Early Grove Gas Co. Harless 1518’ —_ Drilled 1980
No. 1

Location map for Southwestern Virginia,

showing Stops: 1 and 2, significant oil and gas tests,
and oil and gas fields (compiled by D. C. Le Van).

Abbreviations: TD, total depth; cfgpd, cubic feet of gas per day; OWDD, old well drilled deeper.
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Natural gas is currently being produced from five counties
in southwestern Virginia, primarily from formations of
Mississippian age. In addition oil is produced from two small
fields, the Rose Hill and Ben Hur fields, from Ordovician
formations in the fenster region of the Pine Mountain block.
The current rate of hydrocarbon production in Virginia is
about 8.5 billion cubic feet of natural gas and 8,000 barrels of
oil annually. Locations of fields and oil and gas tests in
Southwestern Virginia are shown in Figure 2-1; wells are
described in Table 1.

Mississippian strata occupy synclinal troughs along the
footwall of the Pulaski fault for approximately 90 miles (145
km) from Craig County to Smyth County, Virginia. Simi-
larly, the Greendale syncline comprises the footwall of the
Saltville fault, containing Mississippian-age strata along
most of its length for almost 200 miles (about 320 km) from
Bland County, Virginia to Grainger County, Tennessee.
Basal Mississippian and older strata were tested for natural
gas by the Kipps well in the Price Mountain window,
Montgomery County and by the Westinghouse well in
Washington County, and produced gas in the Early Grove
field in Scott County, Virginia (Figures 2-1, 2-2). In Tennes-
see, Devonian black shales were tested recently with some
success in Grainger County by the U.S. Department of
Energy and these beds, together with underlying Devonian
and Silurian sandstone reservoirs, are currently being
explored by industry.

Gruy Federal No. 1, Grainger County: Fractured Devo-
nian shale reservoirs were drilled and stimulated by the
U.S. Department of Energy (DOE), through its contractor

Gruy Federal, Inc., in Grainger County, Tennessee in early
1980 (Figure 2-2). The well, located in the Grainger County
Industrial Park, was spudded in Cambrian formations in the
hanging wall of the Saltville thrust; the well entered the
Grainger Formation (Mississippian) at 667 feet (203 m). The
Chattanooga Shale (Devonian-Mississippian) was encoun-
tered from 1136 feet (346 m) to 1856 feet (566 m), am apparent
thickness of 720 feet (219 m).

The Wildcat Valley Sandstone (Devonian) beneath the
Chattanooga Shale contained some light-gravity oil, which
was observed in fractures in core. The Chattanooga pro-
duced little gas initially, but upon stimulation of selected
zones yielded 50 Mecf (thousand cubic feet) per day, together
with 50 bbl a day of slightly acidic water. The well was given
to Grainger County for operation upon completion of the
tests (Dean, 1980 and personal communication).

Early Grove Gas Field: The discovery of the Early Grove
gas field (1931) was based upon a report by Charles Butts
(1927), who identified an anticlinial structure within the
Greendale syncline and recognized its importance as a
potential hydrocarbon trap (Figure 2-3). The discovery well
was drilled on the highest part of the structure to a depth of
3613 feet (1101 m) and had an initial production of’ 1,750 Mecf
per day from calcareous sandstones within the Little Valley
Limestone (Mississippian) (I'igure 2-3, map well No. 4,
Table 2). Ten wells were drilled prior to 1958; the gas, which
was produced until 1958, was delivered to the City of
Bristol. A 1980 development well in the field is reported to
have encountered significant amounts of natural gas and
additional tests are planned.

The deepest well in the field was Tidewater-Wolfs Head,
E. D. Smith No. 1. The well was drilled to 7220 feet (2200 m)
and bottomed in the Sequatchie Formation (Figure 2-4). Gas
was encountered in Mississippian limestones and the well
was completed as a shut-in gas well. Initial open flow of gas
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was measured as 60 Mcf per day. Following acid treatment,
gas flow increased to 223 Mcf per day before stabilizing at 84
Mecf per day after 20 hours. (Data are from files of Virginia
Division of Mineral Resources; Averitt, 1941; Le Van, 1959;
and Le Van, unpublished report).

Thermal maturities determined by conodont color
changes (CAI-Conodont color index) indicate that hydro-
carbons in the Valley and Ridge in eastern Tennessee and in
Southwestern Virginia are suitable for natural gas produc-
tion, but that they are too mature to yield commercially
significant amounts of oil. (Harris and Milici, 1977, pl. 1).

Principal stratigraphic targets in the footwalls of the
Saltville and Pulaski thrust sheets are Mississippian
sandstones, Devonian black shales, Silurian sandstones and
Ordovician shales and limestones. Source rocks of
significance are the Ordovician shales and shaly limestones,
Devonian shales and possibly some shales and shaly lime-
stones and coal of Mississippian age.

In addition to regional geologic map patterns, Vibroseis
lines in eastern Tennessee performed for the Tennessee
Division of Geology under a contract to the U.S. Depart-
ment of Energy show that strata as young as Mississippian
may extend beneath the eastern end of the Saltville and
Pulaski thrust sheets (Figure 2-2) (Milici, Harris and Stat-
ler, 1979). These rocks are only moderately folded and
faulted. Cross Section A-A’' in Figure 2-2, based upon
interpretations of Vibroseis lines TC-1 and TC-2, shows
Devonian shales acting as the footwall lubricant for the
Pulaski and Saltville thrust sheets, although younger beds
may persist farther eastward beneath the thrust sheets than
is shown (Figure 2-5). In addition, the interpretation of the
TDG-DOE Vibroseis lines by Milici, Harris and Statler
(1979) as well as data presented subsequently by Harris and
Bayer (1980) show that Paleozoic sedimentary strata with
hydrocarbon potential extend beneath the Blue Ridge and

TABLE 1—Significant wells drilled for oil and gas in the Valley and Ridge Province of
Southwestern Virginia (compiled by D. C. Le Van). Well numbers correspond to those
on Figure 2-1.

perhaps beneath the western part of the Piedmont.
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Well No. Operator and Well No. TD (ft.) Remarks Well No. Operator and Well No. TD (ft.) Remarks
1 _ Gearhart Farm 1000’ = Dry hole, about 1929 24 Cll{arfznc‘%.]illlison I(\]Iharles Phipps 1%({2’ i}rll Silurian arry hole, 1947
. R. Wilson o.1 i -107
2 The California Kipps Anthracite Coal 9340" in Ordovician Dry hole, 1949 ( ) Ay :
Company Co. No. 1 (Moccasin) Gas shows in Ordovician 25 R. R. Murray Anthony Ely 2532" in Ordovician Gas and oil shows; flowed
(Martinsburg) 01 (Hardy Creek) g}a{s fromIOrdovméan
W-62 (Reedsville) at about
. . , . 100,000 cfgpd
3 %‘he California IISI Pi Strader 14438’ in Knox Group Dry }éole, 1948 \‘?Vbandoned’ 1947
ompany o. = -61
4&5 C. L. Hottle C. E. Richardson One well 1400’ = other Dry holes (drilled 20’ 26 Lee Oil Drilling D. L. Graybeel 7209’ in Ordovician Tested 2 BOPD from
Nos. 1 and 2 unknown S}P;al‘t), gatila un(limown Co. No. 1 Ordovician (Moccasin)
ows of oil and gas Dry hole, 1977
6  Holly Brook Oil — 3300" Dry hole, 1923 W-Beal
& Gas Co. 27 Robert Vorhees Mill Davis 4406’ in Ordovician 0il shows in Ordovician
7 United Producing J. M. Hoge 5632 in Cambrian (?) Dry hole, 1950 Hget EUlgni) e )
Co., Inc. No. 1--1582 E Lz Tole, 1947
8 (I’.t}?ér(s}roskins and ﬁgd{ew Newberry 1295+ %{31’5}12018, 1950 28 H. & R. 0il Co. Grant Smith 2188’ in Ordovician 0il show in Ordovician
. No. 1 (Hardy Creek) (Trenton)
9 Mathieson Chemical J. L. Sanders 2985’ Dry hole, 1953 Dy hule, 1943
Corp. Heirs No. 1 Weith
10 Mathieson Chamical T. K MeKee o797’ Dry hole, 1949 29 K. R. Wilson E. C. H. Rosenbaum 1455' in Silurian Abandoned, 1947
COI‘p. No. 1 W-3607 No. 1 (Clmton) W-153
11 Westinghouse Morton Salt Co. 5455’ in Devonian Dry hole, 1976 30 K. R. Wilson 0. Cavins 2001" in Ordovician Dry hole, 1947
Electric Corp. No. 1 (Chemung) W-4625 No.1 (Chepultepec) g
12 Gulf 0il Corp. W. Russell Price 17,003 (basement test) Dry hole, 1977 31 Shell-0il Co. L. S. Bales 8020" in Cambrian Dry hole, 1965 T
No. 1 Gasshows in Ordovician No. 1 (Copper Ridge) Gas (s}hovs{’s in Ordovician
W-5653 an ambprian
) Dead oil shows
13 golsgon 0il and W. E. Leonard 2600’ = Dry hole, about 1910 W-1273
as Lo. No. 1 32 Virginia Lee Oil E. M. Brooks 4079" in Ordovician Gauged 225,000 cfgpd gas,
14 golséon 0il and I}\%ailiy Barker 2500" =+ Abangoned, gas burned Co. (Fitch et al.)  No.1 (Eggleston) from Silurian (Hancock)
as Co. o. rig, about 1915 gas show in Clinch, oil
15 Tidewater Oil Co. E. D. Smith 7218’ in Ordovician Gas well (shut in) in Zhl?&sdgrllgirdl%‘zllglan
Wolfs Head Oil No. 1 (Sequatchie) Migsissippian (Little W-80 §
Refining Co. Valley) 1964 ;
Gas show in Silurian 33 Rouge 0il Co. Henley Sutton 4000° (OWDD) Gas show
\(zvc'ngipfh) No. 1 gvry hole, 1947, 1954
.95 -118
16 Trans-State Oil Bruce Riggs 2140 Dry hole, 1970 34 Johnson, Head, &  Billy Parkey 2650 Show of “oily gas”
Ltd. No. 1 Oil show in Silurian Gilmore No. 1 Abandoned, 1929
(Clinch) Sl T T
W-2488 Abbreviations: TD—total depth of well .
17 Castle and Jenkins W. B. Osborne 4861 in Ordovician  Dry hole, 1950 BWO'}?’S’_‘Q;%E{:(E‘Z;]S;’; ‘Qfaymeral Hiesour ces- Well Seninie Nimyen
No. 1 Gas show (personal ’\ cfgpd—-cubic feet of gas per day
communication) o 522, OWDD—old well drilled deeper
18,19,20 Appalachian Oil & A. R. Harris 759" (7) Abandoned, 1961-2 Le
Mineral Develop- No. 1 W-691 ¢>
ment Co., Inec. (P2 P
Appalachian Oil & A. R. Harris — Abandoned; (20" from
Mineral Develop-  No. 2 No. 1)
ment Co., Inc.
Appalachian Oil & A. R. Harris 3912’ Dry hole; (near No.1 &
Mineral Develop-  No. 8 No. 2)
ment Co., Inc. W-987
21 Appalachian Oil & M. Robinette 1389” (?) Dry hole, 1962
Mineral Develop- No. 1 W-640

ment Co., Inc.

22 C. E. Deaton M. H. Snodgrass
No. 1

(Copper Ridge)

D. C. McClure
No. 1

23 8edar Valley 0il 3250-3400" (?)
0.

30

ROSE HILL

T E N

1706’ in Cambrian

Oil show in Ordovician
(Chepultepec)

Dry hole, 1947

W-116

Gas show, in Ordovician
(Trenton?)
Dry hole, 1915

EARLY GROVE

N E 3 S E E

Figure 2-1.

Location map for Southwestern Virginia,

showing Stops 1 and 2, significant oil and gas tests,
and oil and gas fields (compiled by D. C. Le Van).

SCALE 1:500,000
e T ————————————

L BEN HUR

FIELD
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DISTRICT

EARLY GROVE
GAS FIELD

FIGURE 2-2. Tectonic map and cross sections of South-
western Virginia and northeastern Tennessee. Symbols for
cross sections follow. Rocks: P—Pennsylvanian undivided,;
M—Mississippian undivided; Mn—Newman Limestone;
Mg—Grainger Formation; MDe—Chattanooga Shale;
Du—Devonian undivided; Sc—Clinch Sandstone; SO—
Silurian and Ordovician undivided; O—Ordovician undi-
vided; Omb—Martinsburg Formation; Ols—Ordovician
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limestones undivided; Osv—Sevier Shale; O€: Ordo-
vician—Cambrian O€k—Knox group; €c—Conasauga
Group; -€hk—Honaker Formation; €r—Rome Formation;
b—Dbasement. Faults: HVF—Hunter Valley fault; CF—
Clinchport fault; CCF—Copper Creek fault; SVF—Saltville
fault; PF—Pulaski fault; BRF—Blue Ridge fault. Sections
have no vertical exaggeration.
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FIGURE 2-3. Geologic map and well locations in Early

Grove gas field (After Averitt, 1941).

oy
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GAS FIELD

Map Property
Well No. Operator and Well No. El (ft.) TD (ft.)
1 Bristol Natural Gas Co. H. A. Miller 1562' 5862’
No. 1 (8) (OWDD)
2 Davis Elkins C.B.&J. H. 1507’ 37217
(Bristol Natural Gas Co.) Hunsucker
No. 1 (38)
3 Davis Elkins E. S. Ridgeway 1461’ 3613’
(Bristol Natural Gas Co.) No. 1
4 Tidewater-Wolf’s Head E. D. Smith 1456’ 7218’
No. 1
5 Bristol Natural Gas Co. E. D. Smith 1459’ 3435’
No. 5
6 Davis Elkins G. W. Fleenor 1511’ 3854’
(Bristol Natural Gas Co.) No. 4
7 Bristol Natural Gas Co. M. Sproles 1579’ 4103’
No. 6
20 MILES 8 Davis Elkins J. R. Smith 1561° 5650"
(Bristol Natural Gas Co.) Heirs No. 2
20 KILOMETERS .
9 Holston 0il & Gas Co. B. Barker — 2500' =
Q 10 Holston 0Oil & Gas Co. W. E. Leonard —_— 2600" =
11 Early Grove Gas Co. Ridgway 1540’ —
OIL FIELD : No. 1
| 12 Early Grove Gas Co. McMurry 1544’ —
i No. 1
13 Early Grove Gas Co. Bondurant 1537 —
No. 1
14 Early Grove Gas Co. Dorton 1499’ —
No. 1
15 Early Grove Gas Co. Harless 1518’ —
No. 1

TABLE 2—Well data from the Early Grove Area, Scott and Washington counties, Virginia (compiled
by G. P. Wilkes). Well numbers correspond to those on Figure 2-3.

Remarks
(cfgpd)

Gas well
(127,000 in Mississippian rock;
30,000 in Devonian rock)

Gas well (abandoned) in
Mississippian rock (200,000)

Gas well in Mississippian rock
(1,750,000)

Shut in gas well
(gas show in Mississippian rock)

Gas well in Mississippian rock
(1,500,000)

Gas well in Mississippian rock
(75,000)

Gas well in Mississippian rock
(1,000,000)

Abandoned
(Gas shows in Mississippian and
Devonian rock)

Dry hole
(rig burned)

Dry hole
Drilled 1980

Drilled 1980
Drilled 1980
Drilled 1980

Drilled 1980

Abbreviations: TD, total depth; cfgpd, cubic feet of gas per day; OWDD, old well drilled deeper.
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FIGURE 2-5. Areas potentially suitable for preservation of
Mississippian strata beneath the Saltville and Pulaski thrust
sheets in Southwestern Virginia and northeastern Tennes-
see.
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o
Q

GREENDALE SYNCLINE

The stratigraphy of the Grainger Formation in the Green-
dale syncline was studied by Sanders (1952) and by Hasson
(1972, 1973). Their work was summarized by Milici and
others (1979): “The type area of the Grainger is in the
Greendale syncline, along a low ridge called Pine Mountain
which is east of Clinch Mountain. The Grainger was studied
there by Sanders (1952) and by Hasson (1972, 1973). Sanders
(1952) divided the Grainger into four lithologic members, a
basal member, a lower sandstone member, a middle
siltstone-shale member, and an upper sandstone member.
The basal member, which is 200-300 feet (61-91 m) thick,
consists of dark-gray argillaceous shale and olive-gray
siltstone, thin beds of fine-grained sandstone, and a little
limestone. The lower sandstone member ranges from 50 to
200 feet (15.2 to 61 m) in thickness along the Greendale
syncline in Tennessee. The unit consists of very fine grained
light-gray sandstone and some pebble conglomerate. The
middle member of the Grainger consists of 400 to 500 feet
(122 to 152 m) of gray shale and olive-gray siltstone; two
glauconite zones are in the upper part. Except for the
glauconite beds, the middle and basal members are lithologi-
cally similar. The upper sandstone member of the Grainger
consists of as much as 150 feet (45.7 m) of very fine grained to
coarse-grained feldspathic, medium-gray sandstone and
some interbedded olive-gray silty shale. Cross bedding is
common, and the upper part of the member contains pebble
conglomerate of vein quartz, quartzite, feldspar, and slate.

“Hasson (1972, 1973) restricted the Grainger Formation
in the Greendale syncline to the upper three members of
Sanders (1952) and correlated the basal member with most
of the Big Stone Gap Member of the Chattanooga Shale in
southwestern Virginia. Hasson (1973) provided two mea-
sured sections of the Grainger (restricted), one at the type
section in Grainger County, and another in Hawkins
County, which he designated as the -standard reference
section for the formation. Depending upon the assignment of

the basal member of Sanders (1952), the Grainger is either
552 or 768 feet (168 or 234 m) thick at the standard reference
section. Hasson (1972, 1973) concluded that the Grainger
was of Kinderhook-Osage age, on the basis of brachiopods,
bryozoans, and crinoid columnals that he studied.”

For simplicity the Grainger units of Sanders (1952) are
designated herein as units a, b, ¢ and d. Units b and ¢, the
lower sandstone member and the middle member of the
Grainger of Sanders (1952), appear to be the only units of the
Grainger exposed along Tennessee Highway 66 on the
northwest side of Stone Mountain. The complexity of the
structure there, however, makes these stratigraphic
identifications uncertain.

Sanders (1952) interpreted the structuresin this area as a
complex of thrust faults and deeply extending normal faults.
Our work here and elsewhere has shown that the exten-
sional faults are related to movement on underlying decol-
lements and in many places extensional faults are an inti-
mate part of the decollement model. On the basis of these
faults and the model, we interpret the complex structures in
the footwall of the Saltville fault along Stone Mountain to
have resulted primarily from imbrication of blocks of strata
along the toe of the ramp-derived horse block. Imbrication
occurred where the dip of the Saltville fault flattened in the
shaly beds near the top of the ramp (Figure 5-1, cross section
DD").

STOP 3A-—Stone Mountain Gap

Beds in the hanging wall above the gap are Chattanooga
Shale and Clinch Sandstone; the Chattancoga is sharply
overturned and is structurally overlain by the Clinch. Some
of the Grainger (footwall beds) may be overturned, but
stratigraphic sequences and some minor folds are evidence
that most of the beds are right-side up. (Figure 5-2).

At Stone Mountain Gap, Grainger sandstone member b is
thrust over the glauconite-bearing member, unit c. Al-
though the larger faults are thrusts and the tectonic regime

is compressional, almost all of the minor faults are exten-
sional. Argillaceous beds are deformed near most faults and
in places the beds are complexly folded. Near the middle of
the cut, unit b appears to be faulted down through unit ¢ by a
comparatively large-scale extensional fault. Unit b is
underlain by a low angle thrust zone, some 10 to 20 feet (3 to
6 m) thick, that contains folded and faulted fine-grained
sandstones, siltstones and some black carbonaceous shale.
The shale at the base of the sandstone may be representative
of the Chattanooga. Beneath the low angle thrust, units b
and c are again juxtaposed by extensional and contractional
faults. The fault patterns in this exposure, as in lower
exposures, suggest that deformation within the Grainger
migrated sequentially upward.
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FIGURE 5-2. Deformation in the Grainger Formation at
Stop 3A.
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GREENDALE SYNCLINE

The stratigraphy of the Grainger Formation in the Green-
dale syncline was studied by Sanders (1952) and by Hasson
(1972, 1973). Their work was summarized by Milici and
others (1979): “The type area of the Grainger is in the
Greendale syncline, along a low ridge called Pine Mountain
which is east of Clinch Mountain. The Grainger was studied
there by Sanders (1952) and by Hasson (1972, 1973). Sanders
(1952) divided the Grainger into four lithologic members, a
basal member, a lower sandstone member, a middle
siltstone-shale member, and an upper sandstone member.
The basal member, which is 200-300 feet (61-91 m) thick,
consists of dark-gray argillaceous shale and olive-gray
siltstone, thin beds of fine-grained sandstone, and a little
limestone. The lower sandstone member ranges from 50 to
200 feet (15.2 to 61 m) in thickness along the Greendale
syncline in Tennessee. The unit consists of very fine grained
light-gray sandstone and some pebble conglomerate. The
middle member of the Grainger consists of 400 to 500 feet
(122 to 152 m) of gray shale and olive-gray siltstone; two
glauconite zones are in the upper part. Except for the
glauconite beds, the middle and basal members are lithologi-
cally similar. The upper sandstone member of the Grainger
consists of as much as 150 feet (45.7 m) of very fine grained to
coarse-grained feldspathic, medium-gray sandstone and
some interbedded olive-gray silty shale. Cross bedding is
common, and the upper part of the member contains pebble
conglomerate of vein quartz, quartzite, feldspar, and slate.

“Hasson (1972, 1973) restricted the Grainger Formation
in the Greendale syncline to the upper three members of
Sanders (1952) and correlated the basal member with most
of the Big Stone Gap Member of the Chattanooga Shale in
southwestern Virginia. Hasson (1973) provided two mea-
sured sections of the Grainger (restricted), one at the type
section in Grainger County, and another in Hawkins
County, which he designated as the -standard reference
section for the formation. Depending upon the assignment of

the basal member of Sanders (1952), the Grainger is either
552 or 768 feet (168 or 234 m) thick at the standard reference
section. Hasson (1972, 1973) concluded that the Grainger
was of Kinderhook-Osage age, on the basis of brachiopods,
bryozoans, and crinoid columnals that he studied.”

For simplicity the Grainger units of Sanders (1952) are
designated herein as units a, b, ¢ and d. Units b and ¢, the
lower sandstone member and the middle member of the
Grainger of Sanders (1952), appear to be the only units of the
Grainger exposed along Tennessee Highway 66 on the
northwest side of Stone Mountain. The complexity of the
structure there, however, makes these stratigraphic
identifications uncertain.

Sanders (1952) interpreted the structuresin this area as a
complex of thrust faults and deeply extending normal faults.
Our work here and elsewhere has shown that the exten-
sional faults are related to movement on underlying decol-
lements and in many places extensional faults are an inti-
mate part of the decollement model. On the basis of these
faults and the model, we interpret the complex structures in
the footwall of the Saltville fault along Stone Mountain to
have resulted primarily from imbrication of blocks of strata
along the toe of the ramp-derived horse block. Imbrication
occurred where the dip of the Saltville fault flattened in the
shaly beds near the top of the ramp (Fligure 5-1, cross section
DD").

STOP 3A—Stone Mountain Gap

Beds in the hanging wall above the gap are Chattanooga
Shale and Clinch Sandstone; the Chattanocoga is sharply
overturned and is structurally overlain by the Clinch. Some
of the Grainger (footwall beds) may be overturned, but
stratigraphic sequences and some minor folds are evidence
that most of the beds are right-side up. (Figure 5-2).

At Stone Mountain Gap, Grainger sandstone member b is
thrust over the glauconite-bearing member, unit c. Al-
though the larger faults are thrusts and the tectonic regime

Part C. SALTVILLE FAULT FOOTWALL STRUCTURE AT
STONE MOUNTAIN, HAWKINS COUNTY, TENNESSEE. STOP 3A

is compressional, almost all of the minor faults are exten-
sional. Argillaceous beds are deformed near most faults and
in places the beds are complexly folded. Near the middle of
the cut, unit b appears to be faulted down through unit ¢ by a
comparatively large-scale extensional fault. Unit b is
underlain by a low angle thrust zone, some 10 to 20 feet (3 to
6 m) thick, that contains folded and faulted fine-grained
sandstones, siltstones and some black carbonaceous shale.
The shale at the base of the sandstone may be representative
of the Chattanooga. Beneath the low angle thrust, units b
and c are again juxtaposed by extensional and contractional
faults. The fault patterns in this exposure, as in lower
exposures, suggest that deformation within the Grainger
migrated sequentially upward.
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mite; the fractures are closely spaced and are
generally perpendicular to bedding. This rock
weathers to small rectangular fragments.

3. Thin bedded dolomite (a) and polymictic carbo-

mudstone surrounded by a dolomite “rock
flour” that in places bears calcareous cement;
includes fragments less than 1 em.
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Dh—Huntersville Formation; Dss—Devonian sandstone;
g—glauconite. Fault teeth are on upper plate.
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ROAD LOG (continued)

Interstate 81
Milepost
mileage

128.20 Turn left onto ramp for Interstate 81 south.

128.0 Milepost marker.

127.9 Concretion-bearing black shales of the
Devonian-age Millboro Formation on the foot-
wall of the Salem fault are exposed in outerops on
the right.

127.65 The approximate contact between the overlying

' Martinsburg Formation of the tectonic slice and
the Millboro Formation (Figure 3-1).

127.3 Stop 2. Stop directly opposite exposure of the
Salem fault near the northbound lanes of In-
terstate 81. The slopes on the southbound side of
highway are diagramatically illustrated in Fig-
ure 4-1. The entire grassy slope above the south-
bound lane was the site of a large landslide onto
the highway when the Salem fault was cut
through during construction for Interstate 31.
Figure 4-1 shows the distribution of the tectonic
slices of Silurian and Ordovician rocks beneath
the Salem fault. Figure 4-2 is along the extreme
southwestern end of the area shown in Figure
4-1. A small amount of siliceous cataclasite is
along the leading edge of the fault where it is
juxtaposed over Hunterville chert and asso-
ciated glauconitic sandstones (Figure 4-3); how-
ever, rocks of the Martinsburg and Bays forma-
tions form most of the tectonic slice. Structural
data for Stop 2 are presented in Figure 4-4;
analyses include orientation of bryozoan col-
onies, examples of which are shown in Figure
4-5. Common features of the polydeformed ter-
rane of the Pulaski-Salem fault system are
small-scale folds (Figure 4-6) and calcite-filled,
en echelon fractures (Figure 4-7). As indicated
by structural data (Figure 4-4D) gathered at the
Figure 4-2 locality, the fractures donot appear to
be related to the F2/Salem thrusting event.
Moreover, from the truncation of the calcite-
filled fractures by injection-breccia (Figure 4-8)
it is inferred that the fractures probably are
related to the earlier deformation, which pro-
duced the F1 folds. It is interesting to note that
the narrow injection breccia zone is also the locus
of high-angle brittle faulting which cuts through
the breccia zone (Figure 4-9).

126.95 Milepost marker, end of cuts seen at Stop 2.

123.25 A large fold in the Rome Formation is visible
across the drainage on the north side of the

FIGURE 4-2. Folded and faulted Elbrook and Rome forma-
tions along north side of I-81 at Stop 2.

FIGURE 4.4 Lower hemisphere Schmidt net projections of
structural data collected at Stop 2.

A. Plot of poles to fault surfaces (dots) and slickensides
(lineations) on these surfaces (x’s) in the Martinburg Forma-
tion at Stop 2. The large X labeled A represents the

D

and boudin. These bryozoan specimens appear to be exam-
ples of one of the special cases discussed by Ramsey (1967,
p. 220-221) in which the original short axis of the bryozoan
colonies were perpendicular to bedding. Because the
greatest tectonic extension coincided with this direction, the

FIGURE 4-3. Siliceous cataclasite derived from Silurian
strata of the teetonic slice at Stop 2. Photo was taken along
drainage ditch at east side of the grassy landslide area. The
cataclasite lies structurally above rocks of the Millboro and
Huntersville formations of the Salem synclinorium. The
cataclasite, as well as the structurally overlying Mar-
tinsburg and Bays formations, was derived from the foot-

FIGURE 4-5 Strain elongation of colonial byozoa exposed
on a bedding surface in the Ordovician Martinsburg Forma-
tion, within the tectonic slice below the Salem fault at Stop 2.
The outerop is in the stream which drains through the
median strip of the Interstate. Elongation direction is
parallel to fold axes of F2 folds and probably is related to
emplacement of the Salem fault during Alleghanian defor-

wall block, a part of the overturned southeastern limb of the
Salem syniclinorium. Tectonic slices similar to the ones seen
here are found along both the Salem and Pulaski faults.

mation.

FIGURE 4-7. Sigmoidal en echelon calcite-
filled veins in thick-bedded limestone of the
Elbrook Formation at Stop 2. Photograph

FIGURE 4-9. A later-stage fault with slick-
ensides cutting through the breccia zone
(Figure 4-8), and also following it. These

highway. approximate geometric center of pole concentration and the long axes of the deformed colonies is parallel to a fold axis. was taken near the center of the outcrop relationships indicate that the fracture prob-
121.4 Breccia formed along a thrust surface is visible surface labeled A is the corresponding plane of this point; C. Plot of fold axes and poles to axial surfaces measured profile. Most, if not all, of the calcite-filled ablly remained a zone of weakness even after

beneath a thin broken formation zone (Figure note the close similarity in orientation of plane A and the in the Elbrook Formation and Rome Formation at Stop 2. veins here appear to be fillings of several sets the breccia filled the original fracture.

4-10). actual Salem fault surface (labeled SF) as measured on the Axes (x’s) of F2 folds, areas labeled F2, from the hanging of en echelon fractures and we interpret the

121.85 Location of Stop 1.

120.25 Overturned section of the Elbrook Formation
exposed for next 0.6 miles on both sides of the
highway. Large stromatolites are near the south
end of the cut, about 25 feet (8 m) above the road
level. Abundant extensional and contractional
faults (Figure 4-11) are visible in the exposures.

119.3 Leave the polydeformed terrane of the Pulaski-
Salem thrust sheets and enter the area of the
Christiansburg window.

118.85 Exit ramp for U. S. Highway 11 on right (Inter-
change 37 for Christiansburg and Blacksburg).

Proceed south on Interstate 81 to Tennessee; enter Ten-
nessee and at milepost 75, turn off at exit 74B and turn right
(west) onto U.S. Highway 11W. Follow U.S. Highway 11W
for 48 miles (77 km) through Kingsport to the Rogersville
bypass. Turn right (northwest) onto Tennessee Highway 66;
follow Tennessee Highway 66 for 8.3 miles (13 km) to Stop 8
at crest of Stone Mountain.

The field trip route from Bristol to Kingsport (U.S.
Highway 11) generally cuts across strike of beds on the
hanging wall of the Pulaski fault. Near Kingsport the route
enters the Saltville thrust sheet and traverses the Sevier
Shale (Ordovician) around the northeast end of the Bays
Mountain synclinorium. It then generally follows the
Sevier-Knox contact south to Rogersville. Near Rogersville
the field trip route again cuts across strike and traverses the
Stone Mountain horse block to Stop 8 in foot wall rocks of the
Saltville thrust.

south side of the Interstate. The large X labeled SF is the
pole to the Salem fault; also note that the slickensides reflect
that movement along the Salem fault and associated minor
faults was in an approximate north-south direction.

B. Plot of fold axes, poles to axial surfaces, and elongation
direction of boudins in Martinsburg Formation at Stop 2.
Fold axes (x’s) indicate that F2 folds are generally east-west
and subhorizontal as reflected in the areas labeled F2. Some
axes plot outside of these areas and reflect later, open folds
and warps associated with high angle faults. The poles to
axial surfaces (dots) have an approximate spread in orienta-
tion of 70°. The poles lie along a near vertical plane,
reflecting a near horizontal axis of rotation (X labeled P) that
falls within the F2 area. This horizontal orientation is
interpreted to mean that during the F2/Salem thrusting
event, early-formed folds were rotated (perhaps during
transport of this tectonic slice) by forces that developed
other, later-formed folds. Boudin (b) formed in limestone
beds of the Martinsburg Formation are evidence that the
intermediate axis of the strain ellipse for the F2/Salem
thrusting event was oriented approximately east-west. A
cluster of several bryozoan colonies (Figure 4-5) were found
to have their long axes (PS) generally parallel to F2 fold axes

wall of the Salem thrust reflect an east-west, subhorizontal
trend as also shown in Figure 4-4B. Moreover, the geomet-
ric center (x labeled P2) of the concentration of poles to these
axial surfaces shows an average axial surface (labeled F'2,
AS) dipping steeply southeast and striking approximately
N65°E. F1 axes (X’s in area labeled Fi) form a cluster of
points which represent a shallow, southwesterly plunge.
Poles to the F1 axial surfaces fall along a surface with a
steep, northeasterly dip (labeled F1P) and with an axis of
rotation (X labeled P) that falls within the cluster of points
representing F2 axes. This correspondence is evidence that
F1 axial surfaces are folded about F2 axes and that at this
locality F2 and F1 axes are almost coaxial. These relation-
ships are illustrated in Figure 4-6.

D. Plot of poles to calcite-filled veins occurring in en
echelon fractures in the Elbrook Formation at Stop 2. These
poles are interpreted as lying primarily in the direction of
maximum elongation in the strain field, which lies in a
northeast-southwest direction. This direction does not con-
form with the expected direction of maximum elongation as
deduced from Figure 4-4A, B, C for the F2/Salem thrusting
event; hence the calcite-filled tension fractures are probably
related to the earlier deformational event.

FIGURE 4-10 Photograph of south-facing cut of south-
bound lane at mile 121.4. Bedding-parallel décollement
within a relatively undeformed medium-to thick-bedded
sequence of limestone and dolomites in the lower part of the
Elbrook Formation. The decollement consists of a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>